Significance of Sewage Sludge Amendments to Borrow Pit Reclamation With Sweetgum and Fescue by Kormanik, Paul P. & Schultz, Richard C.
Forestry Reports Forestry
3-1985
Significance of Sewage Sludge Amendments to
Borrow Pit Reclamation With Sweetgum and
Fescue
Paul P. Kormanik
United State Department of Agriculture Forest Service
Richard C. Schultz
Iowa State University, rschultz@iastate.edu
Follow this and additional works at: http://lib.dr.iastate.edu/for_reports
Part of the Forest Management Commons, and the Natural Resources Management and Policy
Commons
This Report is brought to you for free and open access by the Forestry at Digital Repository @ Iowa State University. It has been accepted for inclusion
in Forestry Reports by an authorized administrator of Digital Repository @ Iowa State University. For more information, please contact
digirep@iastate.edu.
Recommended Citation
Kormanik, Paul P. and Schultz, Richard C., "Significance of Sewage Sludge Amendments to Borrow Pit Reclamation With Sweetgum
and Fescue" (1985). Forestry Reports. Paper 2.
http://lib.dr.iastate.edu/for_reports/2
United States 
Department o f 
Agricult ure 
Forest Service 
Significance of Sewage Sludge 
Amendments to Borrow Pit 
Reclamation With Sweetgum 
Southeastern Forest 
Experiment Station 
and Fescue ;(~ 
( -
-
\ 
/ r J ( 
I G" ,. ' Research Note 
SE-329 Paul P. Kormanik and Richard C. Schultz1 ~~ . I , .... I 
March 1985 
ABSTRACT 
Sweetgum (Liquidambar styraciflua L.) and fes-
cue (Festuca arundinocea Schreb.) were planted 
after subsolling and sludge applications to depths 
of 0, 0. 64, 1.27, and 2.54 em to reclaim a borrow 
pit In the Lower Piedmont of South Carolina. 
Sludge treatments in combination wi th subsoiling 
significantly improved establishment of fescue and 
growth of sweetgum, but all combi nations of fescue 
wi th sl udge significantly reduced first-year sur-
vival of sweetgum . Because survival was stabi-
lized after the first growi ng season , allelopathy 
of fescue to sweetgum had little effect in this 
study . Fifth-year total height growth (0. 74 m) of 
sweetgum on the nonamended plots was rated not 
acceptable, but on P'lots amended at even the 
lowest rate of sludge , height growth (2.75 m) was 
acceptable. Total heights (ca 3.6 m) after 5 
years on plots amended at the two highest sludge 
rates were equal to or greater than 5-year hei ghts 
reported for sweetgum on reforestation sites . The 
increase in total nitrogen avail able on the site 
after 5 years exceeded the amount initially pres -
ent in the sludge, which suggests either a si gnif -
icant atmospheric contribution or that organi c 
matter enhanced nitrogen fix at i on1. 
Keyword$: Llquidambar styracifl~a. Festuca ~­
dinocea, reforestation , hardwood plant1ng. 
Many const ruct i on projects , such as 
dams , hi ghways , and bui l dings , require 
extensive earth fil l to meet design cri-
t er ia . When insuffi ci ent soil fi ll is 
avai lable on a construction site , it 
becomes necessary to 11bor row .. soi 1 from 
another location . Generally , the 
result i ng borrow pits are excavations 
f rom which all of the A and B horizons 
1Silv iculturi st , Institute of Mycorrhizal Research 
and Devel opment , Athens , GA , and Professor, 
Department of Forestry , Iowa State University. 
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have been removed. Compared with other 
disturbed areas , such as surface mines , 
i ndividual borrow pits are often rela -
t i vely small . Borrow pits , however , do 
represent a significant amount of su r-
face area throughout the country . For 
example , the u.s. Department of Energy 
Savannah River ~ant (SRP) , Aiken, SC, 
where this research was conducted , 
covers approximately 81 , 000 ha , of which 
nearly 1 percent consists of borrow pits 
created during construction of plant 
facil i ties in the early 1950 ' s . 
Effectiveness of borrow pit recla -
mation varies from area to area, 
depending on existing soil types, slope , 
desired vegetation, climatic conditions , 
and other factors (Blauch 1978) . In 
general , however , a si ngle applicat i on 
of fer tilizer , scarifi cation of the sur-
face soi 1 , and sowing grass seed or 
pl anting t ree seedl i ngs are not su f-
fic i ent to reclai m borrow pits (Ber ry 
and Marx 1980). Berry and Marx (1977 . 
1980) and Berry (1979) have shown that 
deep subsoil i ng and organic amendments 
(sewage sl udge and bark) can signi f i-
cantly improve borrow pit recl amat i on . 
Ber ry and Marx (1980) report ed t hat a 
combi nat i on of dr i ed sewage sl udge and 
subsoiling resulted in height growth of 
3-year -old loblolly pi ne comparabl e to 
that attained by a 22-year -ol d plan -
tation where only surface scarifi cat i on 
and fertilizer were used init i ally in 
1953 . 
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By the early 1970's, it was evident 
that the initial attempts at borrow pit 
rec 1 a mat ion at the SR P had not been sue-
cessful. Active soil erosion was 
becoming increasingly severe as tree 
vigor continued to decline and tree 
mortality increased. These factors 
resulted in increasingly large openings 
in the pine plantation with little 
natural vegetation replacing the dying 
trees. 
This paper describes the long-range 
effects of subsoiling and sewage sludge 
application on the establishment and 
growth of Kentucky 31 fescue (Festuca 
arundinocea Schreb.) and sweetgum 
(Liquidambar styraciflua L.) planted on 
borrow pits at the SRP. 
Methods and Materials 
Twelve to 18 feet of borrow material 
were removed from this borrow pit site 
in 1951 and 1952. In the ori gina 1 soil 
survey, two soil series, occurring on 
this site were identified--Fuquay and 
Wagram. Reclamation was first attempted 
in 1953 by planting loblolly pine (Pinus 
taeda L.). In 1976, surviving pine 
trees were only 5 to 15 em in diameter 
and 2.5 to 5 m tall. The trees had 
chlorotic foliage and their roots were 
barely under the soil surface. Many 
surviving trees were windthrown and 
partly lying on the ground, while 
standing trees had such limited root 
development that they could readily be 
pulled from the soil by hand. Although 
a thin layer of litter was present under 
some trees, no understory was growing to 
retard rapid surface runoff. 
In the summer of 1975 all trees and 
1 arge roots were removed and the entire 
site was subsoil ed by ripping furrows 
0.9 m deep, spaced 1.2 m apart, in both 
north -south and east -west directions. 
The site was then double disked to break 
large clods of soil and to smooth ridges 
created by the subsoiling. Following 
disking, soil samples were randomly 
collected (0 to 17 em deep) from 
throughout the study area and were ana-
lyzed at the Soil Testing Center at the 
University of Georgia, Athens. These 
samp 1 es revea 1 ed the fo 11 owing soi 1 
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properties: organic matter, 0.4 
percent; CEC, 1.39; pH, 4.6; and N, P, 
K, and Ca in p/m of 110, 5, 10, and 4, 
respectively. Forty plots, each 8.5 by 
8.5 m, were laid out, separated by 
aisles 3m wide in one direction and 6 m 
wide in the other. Anaerobically 
digested, dried sewage sludge was broad-
cast by hand and incorporated by double 
disking. The rates of application were 
0, 17, 34, and 68 metric tons of dried 
sewage sludge per hectare. These rates 
equaled 0, 0.64, 1.27, and 2.54 em of 
sludge evenly distributed over specific 
plots. The sludge, obtained from treat-
ment plants in Athens, GA, contained 
about 2 percent N, 1 percent P, 0.5 per-
cent K, and 50 percent organic matter by 
dry weight. Each treatment was randomly 
assigned to 10 different plots. In the 
fall of 1975, the entire borrow pit 
study area was seeded with Kentucky 31 
fescue at a rate equ iva 1 ent to 34 kg/ha. 
Half-sib seedlings from two different 
mother trees were grown in the Whitehall 
experimental nursery near Athens, GA, 
during 1975 in raised beds. The beds 
had been heavily infested with the 
vesicular-arbuscular mYCorrhizal fungus 
Glomus mosseae (Nicol. ~ Gerd.) 
Gerdemann and Trappe by growing a crop 
of sorghum (Sorghum bicolor L. Moench. 
Shallu.) on the area in 1974. 
The seedlings were hand-lifted and 
out-planted in February 1976. A sam-
pling (Kormanik and others 1980) showed 
that 75 percent of the feeder roots of 
these seedlings were heavily colonized 
by G. mosseae. Twenty-five test seed-
1 i ngs, five rows of five seedlings 
spaced at 1.2 by 1.2 m, were planted in 
each plot. A border row of comparable 
size nontest seedlings was planted 
around each plot. Initial root-collar 
diameters and heights of the seedlings 
were measured in March before bud break 
had occurred. 
Height growth, root-collar diameter, 
and survival were measured annually for 
5 years. After each of the first three 
growing seasons, five root samples from 
each treatment plot were collected and 
assessed for mYCorrhizal development. 
At the end of the first, second, and 
third growing seasons, grass biomass 
samples were collected on each plot. 
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Three randomly placed 0.33 m2 subplots 
per treatment plot were selected and all 
grass per subplot was clipped by hand 
within 1 em of the ground, combined in 
paper bags, ovendried at 70 oc for 96 
hours, and weighed. 
Seedling foliar samples from each plot 
were collected and analyzed in mid-July 
of the second growing season. Total 
Kjeldahl nitrogen (N) was determined 
along with phosphorus (P), potassium 
(K), calcium (Ca), magnesium (Mg), iron 
(Fe), and zinc (Zn). Cation analysis 
was done by wet digestion of 2 g of 
material in a nitric-perchloric-sulfuric 
acid mixture, and detection by atomic 
absorption spectroscopy (Perkin-Elmer 
Agricultural Analytical Method AY-S, 
Perkin-Elmer Corp., Tarrytown, NY). 
After the fifth growing season, soils 
were analyzed for percent organic 
matter, N, P, K, cation exchange capac-
ity, and pH by A ~ L Laboratories, 
Memphis, TN. 
Results and Discussion 
Analysis of variance of the data for 
all measured parameters over 5 years 
showed there were no significant dif-
ferences between the progenies from the 
two sweetgum mother trees. Therefore, 
these data were combined in subsequent 
analyses. 
The height growth of sweetgum on 
sludge-amended plots has been excep-
tional when one considers the poor 
growth of loblolly pines planted in the 
original reclamation attempt. The 
current rate of growth after sludge and 
subsoiling (table 1) compares favor-
ably with that in sweetgum plantations 
established on routine reforestation 
sites. For example, over a range of 
sites and geographic locations, total 
heights at the end of seven growing 
seasons has been reported to be from 2.1 
to 6.2 m (Belanger and McAlpine 1975; 
Fowells 1965). Even the lowest rate of 
sludge application in the current study 
resulted in trees 2.75 m tall after only 
five growing seasons, and height growth 
was significantly better at the two 
higher rates of sludge application 
(table 1). 
First-year height growth was typical 
of sweetgum, which elongates little the 
year of establishment; sludge amendment 
had no effect on this species charac-
teristic. By the end of the second 
growing season, the trees on the sludge-
amended plots were all significantly 
larger than those on the nonamended 
plots but no significant differences 
were found among the sludge treatments 
(table 1). Midway through the third 
growing season, striking purple foliar 
discoloration occurred on trees in the 
0.64-cm sludge treatment plots. This 
leaf color reappeared annually for the 
duration of the study. Annual height 
growth at this sludge rate was signifi-
cantly smaller than at the two higher 
sludge rates for the third through the 
fifth growing season (table 1). Height 
growth of sweetgum without sludge has 
never been acceptable, and nutrient 
deficiency symptoms were always present 
on the plots by mid-June. 
Root-collar-diameter growth followed 
the same trend as height growth except 
that by the fifth year the annual incre-
ments were not significantly different 
among the different levels of sludge 
(table 1). The fifth-year total was 
very good and indicates that long-term 
benefits may result from intensive site 
preparation and sludge amendments when 
reclaiming severely disturbed borrow 
pits (table 1). 
Tree survival for the nonamended plots 
and the 0.64, 1.27, and 2.54 em sludge 
treatments after 5 years were 76, 54, 
52, and 42 percent, respectively. Low 
survival on the sludge plots is attrib-
uted to heavier grass competition. 
There were no significant differences in 
survival among the three sludge-amended 
treatments. Essentially, all mortality 
occurred during the first growing season 
when less than 10 em of rain fell during 
June, July, and August. 
Fescue was used to obtain a quick 
ground cover to retard erosion. Based 
on Walters and Gilmore's work (1976), 
one might conclude that fescue adversely 
affected survival and growth of the 
sweetgum. Table 2 contains the biomass 
data (95 percent fescue) for the 3 years 
before complete tree crown closure. 
Grass biomass on nonamended plots was 
3 
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Table 1.--Growth measurements for sweetgum on a subsoiled borrow pit 
amended with sewage sludge at four rates 
Amendment (cm)a 
Variahle 
0 0.64 1.27 2.54 
Initial height (m) 0.56 a 0.58 a 0.56 a 0.56 a 
Height increment 
Year 1 -0.02 a 0.01 a 0.07 a 0.02 a 
2 0.10 b 0.29 a 0.33 a 0.38 a 
3 0.05 c 0.44 b 0. 72 a 0.69 a 
4 0.02 b o. 77 a 1.05 a 1.07 a 
5 0.03 c 0.66 b 0.89 a 0.93 a 
Final height 0.74 c 2.75 b 3.62 a 3.65 a 
Root-collar diameter (em) 0.80 a 0.85 a 0.85 a 0.86 a 
Diameter increment 
Year 1 0.22 b 0.38 a 0.32 ab 0.22 b 
2 0.24 b 0.90 a 0.98 a 0.99 a 
3 0.05 c 0.76 b 1.53 a 1.39 a 
4 0.10 c 1.16 b 1.54 ab 1.91 a 
5 0.07 c 1.16 b 1.61 a 1.44 ab 
Final diameter 1.48 c 5.21 b 6.83 a 6.81 a 
Within rows, means followed by the same letter do not suffer signifi-
cantly,!=~ 0.05. 
a Sludge amendments equal to 0, 17, 34, or 68 metric tons per hectare. 
significantly less than that on the 
sludge-amended plots. Except for the 
third year, each increment of sludge 
resulted in a significant increase in 
grass biomass. 
While tree growth was quite satisfac-
tory in this text, survival was far from 
optimal. Walters and Gilmore (1976) 
reported that interference (the culmula-
tive, deleterious effects of competition 
plus allelopathy) of fescue signifi-
cantly reduced survival and growth of 
sweetgum. However, Plass (1968) 
reported that the effect of fescue on 
sweetgum development was primarily one 
4 
of water competition. Our findings tend 
to support Plass rather than Walters and 
Gilmore for several reasons. Walters 
and Gilmore reported that dead and dying 
fescue foliage tends to be more allelo-
pathic than green living foliage. In 
our study, all mortality occurred before 
August of the first growing season when 
dead fescue foliage was absent. We feel 
water competition was probably the most 
serious consequence of fescue compe-
tition on this site. Walters and 
Gilmore also suggested that fescue 
interferes with phosphorus uptake by 
preventing adequate mYCorrhizal 
Digitized by Coogle 
Table ~.--Grass biomass production on a 
subsoiled borrow pit amended with sewage 
sludge at four rates 
Year 
1976 
1977 
1978 
0 
0 d 
23 d 
32 c 
Amendment (cm)a 
0.64 1.27 2.54 
- - - g/m2 - - - - - - -
203 c 
307 c 
414 b 
268 b 
429 b 
510 a 
402 a 
542 a 
590 a 
Within rows, means followed by the same 
letter do not differ significantly, 
p = < o.os. 
aSludge amendments equal to 0, 17, 34, 
or 68 metric tons per hectare. 
col oni zati on of sweet gum roots. We assayed 
sweetgum roots at the end of each of the 
first three growing seasons and found 
between 80 and 85 percent of the 
sweetgum feeder roots heavily colonizerl 
by vesicular-arbuscular mycorrhizae. In 
this study, therefore, fescue was 
apparently not allelopathic or dele-
terious to mYCorrhizal colonization of 
sweetgum. We feel that with normal 
rainfall fescue would have minimal 
effect on sweetgum survival as long as 
it is seeded no earlier than the fall 
preceding plantation establishment; 
however, any estab 1 i shed sod wi 11 be 
severe competition for sweetgum and can 
result in considerable seedling mor-
tality during the initial first-year 
establishment period. 
During the first two growing seasons, 
there were differences in premature leaf 
discoloration between the sludge-amended 
and nonamended plots. Foliar discolora-
tion became severe during the middle or 
latter part of July on the control 
plots. Comparable foliar chlorophyll 
breakdown did not occur on plots with 
the two higher rates of sludge until 
early September but did occur on those 
with the lowest rate of sludge beginning 
with the third growing season. Foliar 
analysis made midway (July) through the 
second growing season revealed that 
seedling foliage in the control plots 
was significantly different from that in 
the sludge-amended plots in most ele-
ments tested (table 3). The only 
distinct difference among the applica-
tion rates was the significant increase 
Table 3.--Nutrient concentration in foliage of 2-year-old sweetgum on a subsoiled 
borrow pit amenrled with sewage sludge at four rates 
Amendments a Nutrient 
{em) N p K Ca Mg Fe Mn 
% 
- - - - - - p/m - - - - - - - - - -
0 1.23 d 931 b 6108 a 7638 a 3529 a 1143 a 917 a 
0.64 1.57 c 2303 a 4333 b 5959 b 2950 b 403 b 334 b 
1.27 1. 77 b 2113 a 3623 b 5658 b 2665 b 235 c 393 b 
2.54 2.02 a 1692 a 4388 b 5554 b 2505 b 207 c 395 b 
Within columns, means followed by the same letter do not differ significantly, 
p = < 0.05. 
aSludge amendments equal to 0, 17, 34, or 68 metric tons per hectare. 
Zn 
56 c 
89 b 
103 ab 
109 a 
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in foliar nitrogen across all sludge 
treatments (table 3). The foliar 
discoloration observed during the third 
growing season at the 0.64-cm sludge 
rate may be related to nitrogen defi-
ciency. The foliage of the control 
plots contained higher concentrations of 
all tested elements except nitrogen, 
phosphorus, and zinc (table 3). It is 
common for certain elements to accumu-
late in the foliage of poorly growing 
stressed plants as was observed here 
(Berry and Marx 1980; Brown and others 
1981; Schultz and others 1979). 
Soil samples collected after the fifth 
growing season revealed some significant 
changes in site improvement which 
suggest that sludge amendments may per-
sist for a considerable time after 
application (table 4). These improve-
ments may justify the greater expense of 
sludge application. When comparing the 
soil from sludge-amended and nonamended 
plots, we found a significant improve-
ment in all measured soil parameters 
except for soil potassium and pH. 
Sludge did not increase the availability 
of potassium, and soil pH was signifi-
cantly higher in soils from nonamended 
plots. It might be advisable to incor-
porate potash when sludge is applied to 
balance this element on severely 
disturbed sites. Sewage sludge is com-
monly low in potassium, and many 
. 
severely disturbed sites may need an 
additional potassium supplement when 
sludge is used as the only amendment 
(Pers. commun., C.R. Berry, IMRD, 
Athens, GA). Low pH can be expected 
when some sludges are applied because of 
the greater availability of nitrates and 
differences in initial sludge chem-
istry. This slight reduction in pH 
should, however, pose no problems in 
tree establishment. 
Organic matter, phosphorus, and total 
nitrogen onsite were significantly 
improved by sludge amendments (table 4) 
and have apparently improved long-term 
tree growth. Each increment of sludge 
resulted in a significant increase in 
both phosphorus (Bray II) and total 
nitrogen available onsite. The highest 
rate of sludge resulted in a significant 
increase in organic matter. It should 
be noted that for each increment of 
sludge application, more total soil 
nitrogen resulted than was applied. 
This result indicates that some nitrogen 
fixation is occurring on the sludge-
amended plots (table 4). Sludge may 
induce a more favorable environment for 
soil microorganisms involved in nitrogen 
fixation, but criteria for biologically 
establishing the degree of nitrogen 
fixation or other microbiological 
changes in the soil were not within the 
scope of this study. However, tree 
Table 4.--Soil chemical properties under sweetgum on a subsoiled borrow 
pit amended with sewage sludge at four rates, 5 years after reclamation 
6 
Amendments 
(em) 
0 
0.64 
1.27 
2.54 
Organic 
matter 
% 
0.50 c 
1.87 b 
2.17 b 
3.10 a 
p 
4 d 
45 c 
57 b 
75 a 
Nutrient 
N K 
- p/m - -
140 d 18 a 
566 c 22 a 
819 b 14 a 
1838 a 14 a 
CEC 
meg/100 
1.35 b 
2.10 a 
2.49 a 
2.59 a 
pH 
4. 73 a 
4.32 b 
4.24 b 
4.33 b 
Within columns, means followed by the same letter do not differ signifi-
cantly, ~ = ~ 0.05. 
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growth ·is normally improved when nitro-
gen and phosphorus are added to the 
soil. After 5 years, available nitrogen 
and phosphorus are sufficient to sustain 
the already outstanding growth of these 
trees. 
Conclusion 
This study indicates that acceptable 
growth of sweetgum on borrow pits in the 
Southeastern United States is possible 
if hard subsoil is broken up by deep 
Literature Cited 
Belanger, Roger P.; McAlpine, Robert G. 
Survival and early growth of planted 
sweetgum related to root-collar 
diameter. Tree Planters' Notes 
26(4):1,21; 1975. 
Berry, Charles R. Subsoiling improves 
growth of pine on a Georgia Piedmont 
site. Res. Note SE-284. Asheville, NC: 
u.s. Department of Agriculture, Forest 
Service, Southeastern Forest 
Experiment Station; 1979. 3 pp. 
Berry, Charles R.; Marx, Donald H. 
Growth of 1 ob 1 o lly pine seedlings in 
strip-mined kaolin spoil as influenced 
by sewage sludge. Journal of 
Environmental Quality 6{4):379-381; 
1977. 
Berry, Charles R.; Marx, Donald H. 
Significance of various soil amend-
ments to borrow pit reclamation with 
loblolly pine and fescue. Reclamation 
Review 3:87-94; 1980. 
Blauch, Brent w. Reclamation of lands 
disturbed by stone quarries, sand and 
gravel pits and borrow pits. In: 
Schaller, Frank W.; Sutton, Paul, eds. 
Reclamation of drastically disturbed 
lands. Madison, WI: American Society 
of Agronomy 1978:619-628. 
Brown, R.W.; Schultz, R.C.; Kormanik, 
P.P. Response of vesicular-arbuscular 
subsoiling to improve root development 
and the nutrient status is improved by 
the application of sludge. The use of 
fescue to retard erosion should pose no 
significant allelopathic problems if it 
is sown no earlier than the fa 11 before 
the stand is established. Fescue or any 
other established grass on the site wiJl 
compete strongly with sweetgum for 
several years and can have an adverse 
effect on survival and early growth of 
this species. It is recommended that at 
least 1.27 em of sludge be applied for 
long-term favorable tree growth. 
endomycorrhizal sweetgum seedlings to 
three nitrogen fertilizers. Forest 
Science 27:413-420: 1981. 
Fowells, H.A., comp. Silvics of forest 
trees of the United States. Agric. 
Handb. 271. Washington, DC: u.s. 
Department of Agriculture; 1965. 
762 pp. 
Kormanik, Paul P.; Bryan, w. Craig; 
Schultz, Richard c. Procedures and 
equipment for staining large numbers 
of plant root samples for endomy-
corrhizal assay. Canadian Journal of 
Microbiology 26:536-538; 1980. 
Plass, William T. Tree survival and 
growth on fescue-covered spoil banks. 
Res. Note NE-90. Broomall, PA: u.s. 
Department of Agriculture, Forest 
Service, Northeastern Forest 
Experiment Station; 1968. 4 pp. 
Schultz, R.C.; Kormanik, P.P.; Bryan, 
W.C. [and others]. Vesicular-
arbuscular mYCOrrhiza influence growth 
but not mineral concentrations in 
seedlings of eight sweetgum families. 
Canadian Journal of Forest Research 
9:218-223; 1979. 
Walters, D.T.; Gilmore, A.R. 
Allelopathic effects of fescue on the 
growth of sweetgum. ,Journal of 
Chemical Ecology 2:469-479; 1976. 
Southeastern Forest Experiment Station 
200 Weaver Blvd., Asheville, NC 28804 
7 
Digitized byGoogle 
The Forest Service, U.S. De-
partment of Agriculture, is 
dedicated to the principle of 
multiple use management of 
the Nation's forest resources 
for sustained yields of wood, 
water, forage, wildlife, and 
recreation. Through forestry 
research, cooperation with the 
States and private forest 
owners, and management of 
the National Forests and 
National Grasslands, it strives 
-as directed by Congress-to 
provide increasingly greater 
service to a growing Nation. 
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